We genotyped SalmoneUla serovar infantis (referred to as S. infantis), which is the most widespread serovar among animals and the third most common cause of human salmonellosis in Finland. Molecular fingerprinting of the 16S rrn locus and the Salmonella-specific insertion sequence IS200 was used to type the 131 isolates originating from the main sources of S. infantis infection. The number of IS200 elements in S. infantis varied from zero to seven; three or more copies were present in 97% of the isolates, and 71% had four copies. There were four conserved chromosomal positions of IS200, which allowed us to group the isolates into three major clonal groups. We defined 11 unique IS200 profiles and five different ribotypes which, in combination, generated 15 genotypes highly restricted to the infection sources: 8 genotypes were typical of isolates from broiler chickens and cattle and seven genotypes were typical of isolates from humans. The eight genotypes of isolates from chickens represented two clonal groups which were differentially associated with chickenproducing companies. The typing scheme allows efficient discrimination between isolates from various infection sources and within sources and, therefore, provides a unique molecular tool for use in the study of the epidemiology of S. infantis infection.
Salmonella infections are regarded as classical examples of zoonotic infections which spread from animals to humans. Human infections are most often acquired from contaminated food. The source of infection, however, is difficult to trace unless efficient typing methods exist. While the most important serovars of Salmonella enterica subsp. enterica, like typhi, paratyphi B, typhimurium, and enteritidis, can be subgrouped into different phage types (29) , this is not the case for many other serovars that cause gastroenteritis, like Salmonella serovar infantis (referred to here as S. infantis). This is the most widespread Salmonella serovar among animals in Finland and the third most important etiological agent of salmonellosis in humans in Finland.
S. infantis has been the most common Salmonella serovar in poultry in Finland since the first outbreak occurred in 1971 (16, 20) . The infection spread to the farms of all five broiler chicken-producing facilities. More recently, S. infantis has also spread to cattle farms and is at the moment the most common serovar that causes bovine salmonellosis (16). In the human population, S. infantis infection has been the third most common type of salmonellosis after those caused by the serovars enteritidis and typhimurium since the infection has prevailed in broiler chicken production facilities (15). At present, however, roughly 80% of the human infections are associated with a recent history of travel to a foreign country, while the remaining 20% are classified as true domestically acquired infections.
There are only a few reports on the typing of S. infantis. Phage typing schemes have been introduced by two groups (12, 14) , but until the method is well established the results are difficult to interpret (unpublished data). Plasmid profiling is not a potential subtyping method, because only 12 to 18% of the isolates have plasmids (10) (unpublished data). Resistance to antimicrobial drugs is also rare. For these reasons, we sought a means of genotyping S. infantis. The finding of genotypes typical of broiler chicken production facilities but different from the genotypes prevalent abroad would allow us to trace sources of human infections and to study the epidemiology of S. infantis infection in the important animal reservoirs, poultry and cattle.
The Salmonella-specific insertion sequence IS200 can be used for molecular fingerprinting, because the copy number and chromosomal location of this mobile element may vary (13) . Restriction fragment length polymorphism (RFLP) of IS200 and its adjacent sequences has been studied in Salmonella serovars berta, bovismorbificans, dublin, enteritidis, heidelberg, java, paratyphi B, and typhimurium (2, 4, 6, 7, 13, 23, 26, 27) . Ribotyping by RFLP analysis at the 16S ribosomal rrn locus and determination of its location in the chromosome (8, 28) are already well-established methods in molecular epidemiology and have been applied alone or in combination with other approaches for the typing of Salmonella species (1, 4-7, 19, 23) . This report describes a typing scheme for S. infantis that is based on a combination of fingerprinting of IS200 and 16S mnn loci. By using only one restriction enzyme, BanI, for the digestion of chromosomal DNA, the scheme allowed us to divide S. infantis isolates into 15 genotypes and to differentiate between isolates of animal and human origin. Helsinki, Finland, and its Regional Laboratory in Seinajoki, and the strains of human origin were obtained from the National Public Health Institute, Helsinki, Finland. The strains had been isolated by or referred to these national salmonella reference centers, which had serologically confirmed the serovar. The S. infantis isolates (n = 131) originated from the following sources: various broiler chicken farms and broiler chickens (n = 59) of five broiler chicken-producing companies during the years 1986 to 1991, various cattle farms (n = 11) from one enzootic area during the years 1988 to 1991, nine domestic human epidemics (n = 14) in the 1980s, and humans with a recent history of travel to a foreign country (n = 47) in 1989. The strains from broiler chickens were isolated by the national salmonella control program for the control of salmonellosis in poultry. As control strains we used our own Salmonella isolates of serovars typhimurium, enteritidis, and dublin, Yersinia pseudotuberculosis, Pasteurella multocida, and Escherichia coli. Salmonella stock cultures were maintained on egg agar slopes at 20°C. The purity of the cultures was checked on lactose bromthymol blue agar plates, from which one colony was further cultured for the preparation of bacterial DNA.
MATERIALS AND METHODS
Isolation of bacterial DNA. Bacterial DNA was isolated as described previously (28) , with minor modifications, from 10 ml of a Luria broth culture. The DNA samples were treated with RNase and proteinase K; this was followed by phenol extraction. Standard molecular biological methods (21) , Germany). The IS200 probe was generated by PCR with the primers described recently (2) . As a template we used PstI-fragmented DNA from our own Salmonella serovar typhimurium isolate HE1 19/ 89. A 30-cycle program (1 min at 94°C, 0.5 min at 59°C, and 2 min at 72°C) was used. The 692-bp PCR product was purified with a QlAquick-spin PCR purification kit (Qiagen, Chatsworth, Calif.) and was cut with the HaeIII enzyme. This enzyme cleaves a 592-bp fragment of IS200 (2) , which was isolated with a DEAE membrane, and was used as a probe for IS200. The probes were labelled with [a-32P]dATP by using random prime labelling to a specific activity of 108 cpm/jig and were purified of free radionucleotides with a NICK column (Pharmacia, Piscataway, N.J.). for example, 1A, where 1 refers to the 16S rn profile (ribotype) and A refers to the IS200 profile of BanI-digested DNA.
RESULTS
Ribotypes obtained with 16S rrn probe. By using the 16S rn probe we observed five different profiles with the BanIdigested DNA samples (Fig. 1) . The use of EcoRI-PstI digestion provided one ribotype in addition to the five ribotypes defined with BanI-digested samples alone, because ribotype 3 could be divided further (data not shown). Combination of the results from IS200 profiling and ribotyping revealed that the sixth ribotype, obtained for only one isolate, was not of epidemiological interest; thus, the results obtained with BanI fragments alone accounted for the genotypic grouping. Of ribotypes 1 to 5, only ribotype 2 (six isolates) was specific to one infection source, broiler chickens, while ribotypes 4 and 5 were represented by only one strain each ( Table 1) . The major ribotypes, ribotypes 1 (94 isolates) and 3 (29 isolates), were equally common among human and animal sources. Thus, ribotyping alone was not efficient in differentiating between various infection sources. However, ribotyping considerably improved the efficacy of genotyping by dividing the IS200 profiles B and F. Profiles obtained with IS200 probe. Molecular fingerprinting of the Salmonella-specific insertion sequence IS200 and its insertion site in the chromosome was carried out by using the same DNA membranes used for the 16S rn gene probe. BanI and Pstl do not cut IS200, while EcoRI has one site in IS200 of Salmonella serovar typhimurium which is located in the middle of the probe, a 592-bp HaeIII fragment of IS200 (2). Hybridization of BanI-fragmented DNA with the IS200 probe produced sharp bands, and it was easy to estimate the copy number of IS200. The IS200 probe did not hybridize with DNA from P. multocida, Y pseudotuberculosis, or E. coli. The number of IS200 sequences observed for the control strains Salmonella serovars typhimurium, dublin, and enteritidis after BanI digestion were in accordance with previously published results obtained by Hincll or PstI digestion (4, 13, 25, 27 The S. infantis strains contained up to seven insertion elements, as judged from hybridization of IS200 with BanIdigested DNA ( Fig. 2a; Table 2 ). While 2 isolates had no IS200, 88 strains had four copies and 28 strains had three copies. Eleven unique profiles for IS200 in the chromosome were observed (Fig. 2a) . One IS200-containing fragment with an estimated molecular size of 2.2 kb was present in nine profiles. In addition, eight profiles contained bands of 1.6 and 0.6 kb. The 1.6-kb band appeared to contain two copies of IS200 in genotypes A, E, and L, as judged by the intensity of the band. The copies could be separated into two separate fragments when DNA was digested with EcoRI-PstI, since in all three genotypes the IS200 probe hybridized with a unique 5.0-kb fragment which was missing from strains with the other IS200 profiles (Fig. 2b) . Strains of genotype F differed from those of genotype A only in the copy number of IS200 in the 1.6-kb band and, consequently, did not show any 5.0-kb band among EcoRI-PstI fragments (Fig. 2) . Eleven different banding profiles were also obtained by hybridization of the IS200 probe with the EcoRI-PstI DNA fragments (Fig. 2b) . For (Table 1) . Genotype 1B could be differentiated from the broiler chicken isolates either by ribotype (ribotypes 2B and 3B in broilers) or by IS200 profile (profiles 1A, 1E, and 1L in broiler chickens). Clonal groups on the basis of IS200 profiles. Changes in insertion sequence numbers and positions as defined by IS200 profiling can reflect evolutionary changes (22) . S. infantis strains seemed to have four conserved chromosomal positions for IS200; 124 of 131 of the isolates had IS200 in three of these positions, and 3 strains had IS200 in two of these positions (Table 2) . On the basis of the differential presence of the conserved insertion sites, we could classify three major clonal groups: AEL, consisting of 46 strains; BCJ, consisting of 49 strains; and FG, consisting of 30 strains ( Table 2 ). The fourth clonal group, group K, shared two common bands with the other groups. The remaining four strains with one or no IS200 copy did not share any similarities with the other strains. Group AEL was the most homogeneous; all of the strains were of ribotype 1, and all but two strains were from animals. Group FG contained two ribotypes and was solely associated with humans, whereas group BCJ showed the highest degree of heterogeneity, with three different ribotypes, and was prevalent in both human and animal populations.
DISCUSSION
Molecular fingerprinting of the Salmonella-specific insertion sequence IS200 and 16S rm gene proved to be a most suitable method for the typing of S. infantis. By using BanI digestion of chromosomal DNA, 15 different genotypes were obtained by combining the ribotypes and the IS200 profiles, and isolates from different sources could be differentiated. Although EcoRI-PstI digestion provided only one additional ribotype of minor epidemiological interest, it confirmed the difference between IS200 profiles A and F and the existence of conserved insertion sites of IS200. Until now there has not been any widely acceptable method for subtyping serovar infantis; thus, we cannot compare the efficacy of the typing scheme with that of any other epidemiological typing approach. A comparison of IS200 profiling with phage typing for the subgrouping of Salmonella serovar typhimurium has shown that some phage types can even be subtyped with the IS200 probe (2), and in particular, clinical phage type strains showed great diversity in their IS200 profiles (23) . The combination of ribotyping and IS200 profiling for the genotyping of S. infantis may efficiently substitute for the lack of any suitable typing method for this serovar.
Five ribotypes were obtained for S. infantis, which is in the same range as those reported for many other Salmonella serovars (5-7, 19, 23) . Only in the case of Salmonella serovar typhi does ribotyping allow for the efficient differentiation between strains (1, 18) . It is noteworthy that in some cases RFLP at the 16S rn locus can discriminate among isolates within a particular IS200 profile; isolates of IS200 profile B (47 isolates) were divided into three genotypes, and isolates of profile F (28 isolates) were divided into two genotypes. This differentiation is critical for the complete discrimination between human and animal infection sources.
Molecular fingerprinting of IS200 is a very sensitive method for the typing of Salmonella serovars which harbor several copies of the insertion sequence, as has recently been shown for Salmonella serovars typhimurium, heidelberg, paratyphi B, and java (7, 23, 24) . Most of the S. infantis strains (97%) had at least three copies of IS200, while 71% of the isolates carried four copies (Table 2) . It has been suggested that Salmonella VOL. 32, 1994 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from ba,aeria prefer to harbor a certain number of IS200 elements, and these numbers may differ from one serovar to another (13, 24, 25) . In the case of S. infantis, this copy number would be four.
T'he IS200 profiles are based on RFLP at insertion sites and DNA rearrangements following transposition (13) . For each of the 11 profiles obtained with BanI-fragmented DNA, we observed a corresponding IS200 profile with EcoRI-PstI-digested DNA. This finding suggests that the RFLP differences did not result from small nucleotide changes in the cleavage site of BanI but, rather, resulted from the different insertion sites of IS200. However, the use of other restriction enzymes might allow further discrimination between some strains. We could differentiate within the IS200 profile F with PstI digestion one strain that was dissimilar to the others (data not shown). Insertion sequences can integrate both into the chromosomal and into the plasmid DNA (13, 27) . Studies with other Salmonella serovars have shown that IS200 is most often, except in some cases of Salmonella serovar enteritidis (23) , inserted into the chromosome even in those serovars in which plasmids occur frequently (23, 24) . We have found plasmids only in 18% of S. infantis strains (unpublished data). In the present study we observed no correlation between a particular IS200 profile and plasmids. Thus, the IS200 profiles most likely reflect chromosomal genotypic differences and can, therefore, be applied to the study of clonal relationships among isolates within this serovar.
The isolates from two infection sources examined in the present study, broiler chickens and human infections acquired abroad, were supposed to be epideniiologically far apart from each other. Among broiler chickens the infection has prevailed irn Finland since the first outbreak in 1971 (17) . Another large epidemic occurred in 1975 and 1976, but the relation of the isolates to those involved in the first epidemic remained unclear (20) . Later, the surveillance studies of the national salmonella control program showed that new Salmonella serovars have only rarely been introduced into chicken production facilities (16). Therefore, the strains causing the prevalent S. nJantis infections might have originated from the epidemics that occurred during the 1970s. In the present study we regarded the chicken strains as domestic and as having the least possible genetic change from that in the past. The isolates from human infections acquired in 1 of 12 foreign countries, on the other hand, were thought to represent strains with the highest possible genetic variation. The finding that particular genotypes are typical of isolates from broiler chicken production facilities and differ from the genotypes prevalent abroad supports the hypothesis of different genetic backgrounds. However, genetic variability among the broiler chicken strains, surprisingly, was as high as that among isolates acquired abroad; eight genotypes, which were almost equally distributed, could be found among isolates from both infection sources. Still, a clear conservation of genotypes could be detected among isolates from within the same broiler chicken facilities. Genotypes 1A and 3B, which were associated with two of the facilities, differed from each other both in their ribotypes and in their IS200 profiles, which firmly proves that they represent different clonal lineages. The prevalent S. infantis infection in broiler chickens evidently originates from at least two infection sources, which tempts us to speculate that the two sources would represent the major epidemics of the 1970s.
It is striking that none of the isolates from human domestic epidemics had any genotype typical of isolates from broiler c;hicken production facilities. It is of utmost importance to confi-m this finding by more comprehensive epidemiological studies before drawing any conclusions about the sources of domestic human infections. Traditionally, broiler chickens have been regarded as the main source of domestic human infections, as also indicated by the occurrence of human S. infantis infections after the first outbreak in poultry in the 1970s (17) . We did not include in our study isolates from sporadic cases of salmonellosis acquired at home. Those strains may have still another type of genotypic distribution; however, we would at least expect to see some genotypes the same as those from isolates from broiler chickens. Two larger domestic S. infantis epidemics were recently traced back to an infection carrier working in a kitchen (9) , but the original source of infection often remains obscure. Because of the widespread use of a competitive exclusion method as a preventive measure, the current prevalence of Salmonella infections has declined to less than 5% among broiler chicken flocks (11, 17). Only 5 to 11% of broiler chicken carcasses are contaminated, and these only with a minute amount of Salmonella bacteria (11). Therefore, it is evident that other potential sources of human infection must be considered as well, especially as foreign travel has increased. We believe that the typing scheme presented here will help us to determine the infection sources of epidemics and understand the epidemiology of S. infantis infections in human and animal populations.
